A method is given for the calculation of the area of animal accommodation needed to produce a given output of small laboratory animals. This method depends on determining the number of cages needed according to productivity, the age of animals at time of use, the proportion of animals not suitable for use, and the stocking density of the growing stock for the output needed. The area needed to hold this number of cages can then be calculated according to the shelf length taken by the cages, working space required, numbers of tiers of cages, and the proportion of animals that will be wasted due to fluctuations in supply and demand. An example is given and compared with actual results, and the effects of errors in the estimation of some of the variables are discussed.
The method used to calculate the area of accommodation required depends on determining, first, the number of cages required (which depends on the number, age and type of animal to be produced, the productivity, the size of the cage, and the numbers of growing animals per cage), and second, the area of accommodation required to house these cages. The latter assumes that the cages are placed in racks or on shelves, and it is therefore possible to work out the length of 'shelf' space needed. The area required can then be calculated by accounting for the number of tiers of cages and the area of floor space needed to service one linear unit of 'wall space', though the use of free-standing units is not excluded. These calculations must be done separately for each species, with the final results combined to give a total estimate of the area required.
Number of cages
For the purposes of this paper it is assumed that cages used to hold breeding stock, and cages used to hold young growing stock (stock which has been weaned but is not yet old enough to be issued), are the same size, but provision is made to allow for any number of animals per cage in the case of growing stock. No assumptions are made about the number of breeding stock housed per cage, but productivity is defined as the output per cage per week, which will largely depend on the number of breeding animals per cage, as well as the strain and species of animal.
Under these conditions, it can be deduced tbat the number of cages needed for a given output, OW, per week is given by formula 1: 
Calculation of area
Having calculated the number of cages required to produce the desired output, this number can be used to calculate the area of animal room needed (formula 2):
area of animal room needed (ft 2 or m 2); number of units of floor space (ft 2 or m 2) needed to service a linear unit (ft or m) of wall space;
width of a single cage (ft or m). Note: it is assumed that the cages are placed on shelves or racking with the longest horizontal dimension adjacent to the next cage, and the narrowest dimension facing the working area. Note also, cage dimensions and R are closely related; number of tiers (shelves) of cages for the given species;
average proportion of animals that are not used due to fluctuations in supply and demand; number of cages needed (from formula I).
(N.B. Measurement must be either all metric or all in feet).
Most of these terms are self-explanatory, except possibly for F, the average proportion of animals that cannot be used due to fluctuations in supply and demand. Tn practice, it is very difficult to match supply and demand exactly, and fluctuations in either can lead to periods of shortage (which could have serious consequences for some experimenters) or over-production, necessitating the disposal of the unwanted animals. Factors influencing the value of F are discussed in a later section.
Formulae 1 and 2 may be combined (formula 3):
where the variables are as previously defined.
Choosing values for the variables
Formula 3 allows the calculation of the area of accommodation required to produce the number and type of animal of each species that are needed, provided that it is possible to choose suitable values for each of the variables.
The value of many of the parameters will be determined by the type of animal to be produced, the equipment available, and the type of demand to be catered for.
Figures for productivity can be obtained from previous records, and an informed guess made about future trends. Where previous experience is not applicable, Table I 
Specimen calculation
The Laboratory Animals Centre maintains a number of inbred strains of mice as a source of breeding nuclei for other laboratories that wish to produce their own experimental animals. The production/demand relationships of two of these strains (CBA and BALB/c) have been used to illustrate the use of formula 3 and to check the estimated results for a six month period (early in 1968) against the actual results. Table 2 presents the required information on the two strains.
Information is given of the number of breeding females, average sales per week, average number cuIled and average productivity.
The information was split up into three periods, corresponding roughly with the first and second half of 1967, and the first half of 1968. The 1967 data was then used to estimate how much space would be required to produce these two strains of mice in 1968. Variables were estimated to be as follows:
W=9
mice were weaned at 3 weeks of age, and culled at 12 weeks if not required;
D=4 since total output per week was relatively low, only a certain amount of grouping could occur; in practice, only an average of 4 mice were housed per cage;
K=O equal numbers were required of each sex, and all animals were suitable for use; R=4.7 rooms were designed to give this ratio of floor space to wall space;
Q=O.5 plastic cages were used, and they were about 6 in (15 cm) wide;
T=6
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Space required (CBA) OW=20(CBA) and 19 (BALB/c); in this case, demand was estimated simply as the average demand over the previous year. It is possible that seasonal effects are important, but there was not sufficient information to estimate these; p= 1.27 (CBA) and 1.03 (BALB/c); these figures were both above the productivity figures given by Festing (1968) for these strains, but Festing's figures give the productivity that would be expected in the absence of cuIling; in practice, culling sterile pairs and sl<:>w breeders considerably increases the apparent productivity;
F=0.2 the value of F calculated from the data in Table 2 was 40/80=0.50 for CBA and 19/56=0.34 for BALB/c. However, at the end of 1967 it had become obvious that the wastage was too great, and it was decided that a level of wastage of 20 per cent (F=0.2) would be more acceptable, so this value was assumed in the calculations.
Substituting these values into formula 3 gives the following: In practice, each of these strains occupied approximately one-fifth of the space in an animal room of 168 ft 2 (15.6 m 2), or about 34 ft 2 (3.1 m 2). Thus there is reasonably good agreement between the estimated space requirements for the projected demand and the actual space allocated.
Inspection of Table 2 shows that in both cases the estimated demand was in reasonable agreement with actual demand. Also, the value of F (the proportion of animals not used due to fluctuations in supply and demand) was successfully reduced from 50 to 15 per cent in the case of CBA, and from 34 to 13 per cent in the case of BALB/c. This compares favourably with the 'acceptable' level of 20 per cent used in the calculations.
Effects of errors in the estimation of the variables
Estimates of some of the variables will be subject to considerable uncertainty, and it is worth considering what effect an incorrect estimate will have on the results of the calculations.
The variables that are most difficult to estimate are the demand (OW), the productivity (P) and the proportion of the animals that are not used due to fluctuations in supply and demand (F).
From formula 3 it can be seen that the area of animal room required is directly proportional to the total demand. Generally, if demand doubles, then the area of animal room needed to meet this demand will also double, though with a higher general level of demand it may be possible to reduce the wastage (F). This saving will usually only be marginal.
With an entirely new animal facility it may be extremely difficult to estimate future demand, though when a large investment is involved it may be worthwhile to use market research methods. In this case, it may even be possible to assign a confidence interval to the estimate of demand. Where market research is not practicable or economic, a more subjective estimate will have to be used, but again it may be possible to postulate a range of possible demand.
Where the new animal house is planned to take account of a regular expansion of demand, data will usually be available on past demand, and regression methods may be employed to estimate future demand, together with a confidence interval. Extrapolation of this type is subject to considerable error, and all possible supplementary information should be used.
Having obtained an estimate of future demand and, say, a standard error of this estimate, it is then relatively easy to calculate the area of accommodation needed to have a 90 (say) and a 95 per cent probability that there will be sufficient space to meet demand. The cost of extra space can then be balanced against the cost of failing to meet demand, and the probability that this will occur. Suppose, for example, that demand is estimated to be 2000 ± 200 animals per week, and the rest of the parameters are such that this would take 3000 ft 2 (278.7 m 2) of floor space, there would be approximately a 10 per cent chance that demand would exceed 2256 animals (assuming demand is normally distributed), needing a floor space of 3 384 ft 2 (314.4 m 2), and a 5 per cent chance that demand would exceed 2 328 animals needing a floor space of 3 492 ft 2 (324.4 ill 2). Assuming that animal house costs £151 ft 2 (£161/m 2 ) it would cost an extra £15 x 108 = £1 620 to reduce the chance of being unable to meet demand from 10 to 5 per cent. The decision then has to be taken as to whether the reduced risk is worth this outlay.
In contrast, errors in the estimate of productivity have a less dramatic influence on the total space requirements, though the actual influence depends very much on the values of some of the other parameters. The reason for this is that for any given level of demand, the amount of space required for growing stock is constant. If the productivity is half what was estimated, then double the number of breeding cages will be required, but the number of growing cages will stay constant. Suppose, for example, that productivity in the BALB/c mice had been only 0.52 instead of 1.03 in the example given, then the floor space requirement would have risen from 29.3 to 38.0 ft 2 (from 2.722 to 3.531 m 2). Thus, in this particular case, a reduction of 50 per cent in productivity would mean that about 30 per cent more space was required to achieve the same output. In general, minor errors of estimation of productivity are not serious if the absolute level of productivity is high, or if the growing period is long. However, where there is any doubt about the level of productivity an attempt should be made to carry out the same general procedure as recommended for demand, that is to obtain estimates of the standard error associated with the productivity estimate, and to use this to calculate the cost of various levels of safety margin.
The proportion of animals that are not used due to fluctuations in supply and demand is the third parameter whose estimation is subject to a certain amount of error. The average wastage depends mainly on three factors: fluctuation in demand, fluctuation in production, and the shelf life of the animals. Unfortunately, the relationships between these factors are complicated, and the best method of estimating this parameter is to rely on previous experience. In the example given the value of F achieved in the first half of 1968 was 13-15 per cent. In this case, demand fluctuated violently, ranging from 0 to 148 mice in a four-week period. Production varied from 53 to 139 mice in a four-week period, and the shelf life of the mice was relatively long since they were available for use from about four weeks to about twelve weeks of age. If the shelf life of the mice had been shorter, the large fluctuations in demand would have resulted in much greater levels of wastage.
Some steps can be taken to reduce wastage, and again formula 3 may be used to weigh up the relative costs of reducing this' wastage, and of planning for it. For example, demand can be evened out by allowing a waiting list to develop for the animals, supplying the animals as they become available. Methods of solving this type of 'queueing' problem are given by Houlden (1962) . Another method which has been used is to choose a strain of animal with a relatively long shelf life. Thus, if rats are used by weight, a slow-growing strain will have a relatively long shelf life. On the other hand, the savings thus made in wastage must be balanced against the increased growing period needed to reach the minimum usable weight. This type of comparison can be made very easily by substituting various values of growing period and wastage in formula 3. Unplanned fluctuations in production will generally increase wastage, so attempts should be made to have a regular policy for the culling and replacement of breeding stock designed to reduce periods of surplus and shortage.
The other variables should all be relatively easy to estimate, though if any of them are subject to errors, the floor area required under the worst and best sets of conditions can easily be worked out.
The formulae presented here give the area of animal room required for the various types of animals needed.
Information on other aspects of the design and function of laboratory animal houses are given by Hare & O'Donoghue (1968) , but care should be taken to ensure that adequate room area is allowed for services and storage.
